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From the Departments of Clinical Biochemistry and I Medicine, Aintree Hospitals NHS Trust, Lower Lane, Liverpool L9 7AL, UK Additional key phrases: osmolality; osmolarity Serum osmolarity can be calculated using the concentrations of the major constituents of serum namely sodium, potassium, glucose and urea. The osmolar gap is defined as the difference between the measured osmolality and calculated osmolarity. An osmolar gap is due to the presence of low molecular weight, osmotically active solutes, which are not included in the calculated osmolarity. For example, osmolar gap calculation may be used as a rapid screening procedure in the diagnosis of ethanol poisoning. 1 Sick cell syndrome is characterized by an osmolar gap.2 It is therefore beneficial to have a reliable estimate of osmolar gaps. Many formulae have been suggested for osmolar gap calculation. This study was designated to investigate the utility of the published formulae in surgical outpatients (SOPO) and in severely ill patients in an intensive therapy unit (lTU).
Patients and Methods
All patients included in this study were adults from the ITU or SOPO of a busy teaching hospital. The former were expected to exhibit pathological changes in osmolar gap; the latter were a control group. Patients with lipaemia, paraproteinaemia, haemolysis, alcohol or drug overdose were excluded from this study. Individuals who had received mannitol or ethanol during treatment were also excluded.
Serum was selected from specimens submitted for routine testing to the laboratory and all assays were performed within 24 h.
Biochemical measurements: sodium, potassium, urea and glucose concentrations were measured using optimized methods on the Dax 72 or Axon Analyser (Bayer, Basingstoke, UK). Sodium is measured on the Dax by indirect ISE, in the formulae 1-6 below measurements have been indirect using either flame photometry or where all concentrations are in millimoles/Iitre, Fifty consecutive patient specimens from the SOPD were used to assess the formulae. A further 162 patients consecutively presenting to ITU and SOPD were used to verify the chosen formula.
Statistical analysis: standard linear regression analysis was used to compare the various formulae. Measured osmolality was compared to the calculated osmolarities using a measure of predictive performance utilizing confidence intervals around mean error (bias) and mean square error (precision)." Examination of the confidence intervals around mean error and root mean square error was compared to a naive standard (the mean) of the measured osmolalities. If there is no difference and confidence limits encompass zero then the predictor is no better than the naive standard. Formulae better than the naive standard can be compared to each other; that with the lowest mean error or root mean error is the better estimate." Data from the patients were included in an iterative linear regression analysis to examine whether a better formula could be derived. Ethanol was determined by gas chromatography with flame ionization detection using a Porapak Q column.
Results
As can be seen in Table 1 , all formulae gave similar correlation coefficient values when analysed by linear squares regression analysis. However, formula 1 showed the best predictive performance by mean error and root mean square error. Formula 2 was better than the naive standard. Formulae 3,4,5 and 6 had bias and precision values worse than the naive standard. Iterative linear regression analysis did not produce a better alternative formula for calculating osmolality than formula 1 (data not shown). The osmolar gaps calculated using formula 1 for the second group of patients (n = 129) ranged from -12,1 to + 21·3 mmol/kg with a mean value of + 1·3 mrnol/kg,
Comment
Comparison of predictive error using correlation coefficients can be misleading" as all formulae had a similar correlation coefficient. Using mean error and root mean squared error against a naive standard gives an objective measure of predictive performance; this approach has identified formula I as the calculation of choice in our laboratory. This differs from other Ann Clin Biochem 1997: 34 reports which give formula 4 3 or formula 55 as the most accurate calculation. No formula has yet been validated against direct ion selective electrode measurement. It is important that the best formula is used to calculate the osmolar gap. The contribution attributed to ethanol in an osmolar gap may be erroneous if an inappropriate formula is used. Considering a diagnosis of sick cell syndrome requires absolute confidence in the predictive formula used to identify the presence of an osmolar gap, the cardinal feature of this hyponatraemic syndrome-,
We would advise laboratories to confirm their choice of formulae for osmolar gap by using the predictive methods we have described.
